Within the frame of quasi-optical approach we develop a nonlinear theory of relativistic surface wave oscillators. Our theory provides a possibility to describe both linear and nonlinear stages of formation of evanescent slow-wave structure and include evaluation of threshold conditions, electron efficiency and output power.
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We consider planar, co-axial and cylindrical models of surface-wave oscillators with a slow wave propagating near a corrugated metallic surface. The use of relativistic electron beams allows exploiting shallow corrugations. We present the excited field near the corrugated surface as a sum of two quasi-optical wave-beams propagating along the surface. The surface magnetic current technique provides the description of coupling between above wave-beams. The propagation and diffraction of each partial wave-beam obey the parabolic equation. Eectrodynamical characteristics of the evanescent mode found from these equations are in good compliance with those found from the direct CST simulations. Interaction with the electron beam is taken into account basing on the averaged equations in which the structure and velocity of the slow evanescent wave are determined by a self-consistent set of equations. Within this model, high efficiency regimes were found and comparison with some existing experiments was carried out. The feasibility of generation of powerful submillimeter radiation in the considered type of devices is demonstrated.
The quasi-optical approach also allows to suggest and investigate novel schemes of planar and co-axial surfacewave oscillators employing two-dimensional periodic structures. These structures can be used for synchronization of radiation from wide sheet and tubular electron beams. 
